Primary steps of the Na+-translocating NADH:ubiquinone oxidoreductase catalytic cycle resolved by the ultrafast freeze-quench approach.
The Na(+)-translocating NADH:ubiquinone oxidoreductase (Na(+)-NQR) is a component of respiratory chain of various bacteria, and it generates a redox-driven transmembrane electrochemical Na(+) potential. Primary steps of the catalytic cycle of Na(+)-NQR from Vibrio harveyi were followed by the ultrafast freeze-quench approach in combination with conventional stopped-flow technique. The obtained sequence of events includes NADH binding ( approximately 1.5 x 10(7) m(-1) s(-1)), hydride ion transfer from NADH to FAD ( approximately 3.5 x 10(3) s(-1)), and partial electron separation and formation of equivalent fractions of reduced 2Fe-2S cluster and neutral semiquinone of FAD ( approximately 0.97 x 10(3) s(-1)). In the last step, a quasi-equilibrium is approached between the two states of FAD: two-electron reduced (50%) and one-electron reduced (the other 50%) species. The latter, neutral semiquinone of FAD, shares the second electron with the 2Fe-2S center. The transient midpoint redox potentials for the cofactors obtained during the fast kinetics measurements are very different from ones achieved during equilibrium redox titration and show that the functional states of the enzyme realized during its turning over cannot be modeled by the equilibrium approach.